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The Tulu Dimtu Belt of the Arabian–Nubian shield (ANS), Western Ethiopia is a lithological trust contact 
of the Neoproterozoic East African orogen. The Tulu Dimtu Belt consists mainly of ultramafics (serpentinites 
and listvenite), metavolcanics and metasediments. Petrological and mineralogical studies of the Tulu Dimtu 
ultramafic body confirmed the preservation of relict mantle olivine in serpentinite and relict chromian spinel in 
both serpentinite and listvenite. A nearly complete metasomatic replacement of ultramafic rocks prevents 
Mg–Fe2+ redistribution between relict chromian spinel and the host, indicating that listvenite formation, took 
place prior to re-equilibration between chromian spinel and the surrounding mafic minerals in serpentinites 
(Sofiya et al., 2017). 
In addition, density, mineral assemblages, molar proportions, fluid-rock ratio, pressure, temperature and 
CO2 and H2O activities (T–P–XCO2) were constrained for the Tulu Dimtu serpentinites and carbonates. The 
results of this study indicate that the protolith was a refractory harzburgite, comprising high Cr# [=Cr/(Cr+Al) 
atomic ratio] (0.79–0.87) of chromian spinel and magnesian olivine (90–93 mol% forsterite, Fo). Fo content of 
olivine in massive serpentinite and Cr# of chromian spinel in serpentinites (massive and schistose) and 
carbonates from Tulu Dimtu suggest that their origin related to residue of high partial melting in a 
supra–subduction zone environment, which later serpentinized and carbonated. The Tulu Dimtu ultramafic data 
set overlap into the Arabian–Nubian shield ultramafic field, however it has been lost its orthopyroxene and 
clinopyroxene due to large involvement of carbonated fluids in the carbonation and serpentinization of the Tulu 
Dimtu ultramafic than other parts of the ANS. 
Serpentinization and carbonation occurred as a result of infiltration of CO2–rich fluids released from 
carbonate–bearing sediments. Heated sediment with ultramafic, can transfer fluids from sediment to ultramafic, 
is apparently responsible for carbonate alteration in the region. Calculated P–T, T(P)–XCO2 phase diagram 
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pseudosections for the bulk rock compositions of the Tulu Dimtu carbonated ultramafic shows that XCO2 in the 
fluid phase was reached up to 0.8 at T= 270–575°C and P= 2–8 kbar. Under these conditions, 50–70% 
carbonates (44.1–68.4 vol% magnesite and 0.14–0.17 vol% dolomite) were formed from the Tulu Dimtu 
ultramafic rocks, likely due to CO2–rich fluid interaction with ultramafic rock (fluid/ rock =0.17–0.36). This 
indicates that the ultramafic was extensively reacted to produced carbonates at ~ 6–20 km depth, which chiefly 
formed at the expense of olivine (83.2 vol%) and evidence for carbonation and serpentinization was took place at 
the same time at lithospheric mantle before brought to the surface. The Tulu Dimtu ultramafic would have been a 
part of an ocean island formed as mantle wedge, which latter tectonically detached from the mantle wedge and 
incorporated into the subducted slab, ultramafic carbonation and serpentinization, then followed by 
continent–continent collision during East African orogeny and regional metamorphism. They are thus trusted as 















炭酸塩化に伴いリストヴェナイトは、蛇紋岩よりも先に Fe と Mg に関する元素再分配が進まなく
なったことを明らかにした。このような記載岩石学的な手法でリストヴェナイト形成の相対的な
時間について言及した研究は本研究が初めてであり、Sofiya et al. (2017)として国際誌に掲載
された。 
 さらに、本論文は超苦鉄質岩体の炭酸塩化を導いた流体の起源を検証するため、リストヴェナ
イトの酸素安定同位体組成の測定し、超苦鉄質岩体周囲の変成堆積岩が関与した流体の可能性を
明らかにした。 
 地域的な天然の現象の記載から超苦鉄質岩の炭酸塩交代作用という一般的な地質学的プロセス
を半定量的に説明するため、内部整合性をもつ造岩鉱物の熱力学データベースを利用した圧力−温
度−化学組成シュードセクションをコンピューターソフトウェアを駆使して大量に計算し、マント
ルかんらん岩物質の加水と炭酸塩交代作用に伴う鉱物化学組成共生関係の変化をまとめ、天然の
観察の結果と比較した。その結果、東アフリカ造山帯の新原生代オフィオライトに特徴的な炭酸
塩交代作用の段階的なプロセスの解釈に至った。 
 以上の成果は、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して
いる。したがって，Ｓｏｆｉｙａ ＡＹＡＮＯ提出の博士論文は，博士（理学）の学位論文として
合格と認める。 
 
 
